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5. (Amended) A\memory system comprising: 
a memory conrroller; 

a unidirectional command and address bus coupled to the memory controller, the memory 
controller communicating^commands and addresses to the command and address bus; 

a bidirectional data Ems coupled to the memory controller, the memory controller 
communicating data information to the bidirectional data bus for a write operation and receiving 
the data information from the bidirectional data bus during a read operation; and 

a plurality N of pipelined memory subsystems, wherein each memory subsystem 
I includes: \v 

a plurality M of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder and^a row decoder; 

\ 

a command buffer connected between the command and address bus and the 
plurality of memory devices, the command buffer^receiving and latching the commands and 
addresses from the command and address bus and driving the commands and addresses to the 
plurality of memory devices, wherein the command buffer is shared by the plurality of memory 
devices; and 

a data buffer connected between the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching the^data information from the 
bidirectional data bus and driving the data information to the plurality of memory devices for a 
write operation, the data buffer receiving and latching the data information from the plurality of 
memory devices and driving the data information to the bidirectional data bus for a read 
operation, wherein the data buffer is shared by the plurality of memory devices. 
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6. (Amended) The memory system according to claim 5, wherein the memory controller 
communicates the commands and addresses and the data information using a pipelined packet- 
protocol which incorporates a first delay introduced by the command buffer of one of the 
plurality of pipelined memory subsystems and a second delay introduced by the data buffer of 
^ one of the plurality of pipelined memory subsystems. 



The memory system according to claim 5 wherein ea^h memory device is a dynamic 
random access memory device. 



8. The^memory system according to claim 5 wherein each of the plurality N of pipelined 
memory subsystems includes eight memory devices and wherein N equals eight. 



(Amended) A method of retrieving data in a pipelined memory system, having a plurality 
of meihQry subsystems, wherein each memory subsystem includes a command buffer, a data 
buffer and a^plurality of memory devices, wherein each memory device includes addressable 
storage, a data in and a data out buffer, a column decoder and a row decoder, comprising: 
issuing commands^d addresses on a unidirectional command and address bus; 
latching the command^^d addresses in the command buffers; 
driving the latched commanSs^and addresses to the column and row decoders; 
retrieving data from the addressabliSs^orage of one of the pliu-ality of memory devices; 
latching the data in the data buffer of th^^e memory device; and 
receiving the data on a bidirectional data bus. 




The method of retrieving data according to claim 29 wherein each of the memory devices 
is a dynamre^^idom access memory device. 

3 1 . (Amended) The methodlJiTetrieving data in a pipelined memory system according to 
claim 29 wherein issuing commands\nd addresses and receiving data conmiunicates according 
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to a packet protocol which incorporates a first delay introduced by the command buffer and a 
second delay introduced by the data buffer. 

i2- (Amended) A method of storing data in a pipelined memory system, having a plurality of 
memoiv subsystems, wherein each memory subsystem includes a command buffer, a data buffer 
and a plurality of memory devices, wherein each memory device includes addressable storage, a 
data in and a daJ^ut buffer, a column decoder and a row decoder, comprising: 

issuing commkids and addresses on a unidirectional command and address bus; 

issuing data on a bidirectional data bus; 

latching the commands ahd addresses in the plurality of command buffers; 
latching the data in the pluraluy^f data buffers; 

driving the latched commands and addresses to the column and row decoders; 
driving the latched data to the data in biuS^s; and 

storing the data in the addressable storage of tt^plurality of memory devices. 

33. (Amended) The method of claim 32, wherein issuing commands and addresses and 
issuing data include executing a. packet protocol which incorporates a first delay introduced by 
the command buffer of one of the plurality of memory subsystems and a second delay introduced 
by the data buffer of one of the plurality of memory subsystems. 

34. (Amended) An electronic system clmiprising: 
a microprocessor; \ 

a memory controller coupled to the microprocessor; 

a unidirectional conmiand and address bus\pupled to the memory controller, the memory 
controller communicating commands and addresses tcxthe command and address bus; 

a bidirectional data bus coupled to the memory ctotroller, the memory controller 
communicating data information to the bidirectional data mis for a write operation and receiving 
the data information fi-om the bidirectional data bus during aread operation; and 
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a plurality N ofpipelined memory subsystems, wherein each memory subsystem 
includes: 

a plurality of memory devices wherein each memory device contains a data in 
and a data out buffer, a column decoder and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality of memory devices, the command buffer receiving and latching the commands 
and addresses from the command and address bus and driving the conmiands and 
addresses to the plurality ormemory devices, wherein the command buffer is shared by 
the plurality of memory devices; and 

a data buffer connected\between the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching the data information from 
the bidirectional data bus and driving the data information to the plurality of memory 
devices for a write operation, the data buffer receiving and latching the data information 
from the plurality of memory devices^^d driving the data information to the bidirectional 
data bus for a read operation. 

35. (Amended) The electronic system of claim 34, wherein the memory controller 
communicates the commands and addresses and data information using a pipelined packet- 
protocol which incorporates a first delay introduced by me command buffer of one of the 
plurality of pipelined memory subsystems and a second del^y introduced by the data buffer of 
one of the plurality of pipelined memory subsystems. 

36. The electronic system of clan^ 34, wherein each memory device is a dynamic random 
access memory device. 

37. The electronic system of claim 34, wherein both M and N equal eight. 
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38\ (Amended) A method of performing a memory transaction in an electronic system 
having memory controller and a plurality of memory subsystems, wherein each memory 
subsysten^Hncludes a command buffer, a data buffer and a plurality of memory devices, wherein 
each memory o^ice includes a data in and a data out buffer, a colunm decoder and a row 
decoder, comprising 

issuing information to the memory controller; 
issuing commands ai^d addresses on a unidirectional command and address bus; 
issuing data on a bidirectional data bus; 

latching the commands and addresses received from the unidirectional command and 
address bus in the command buffers of me plurality of memory subsystems; 

driving the latched commands and a^resses to the plurality of memory devices; and 
if the memory transaction is a write, receiving and latching the data in the data buffers of 
the plurality of memory subsystems and driving the retched data to the plurality of memory 
devices. 




39. (Amended) The method of claim 38, wherein islsuing commands and addresses and 
issuing data include executing a packet protocol which incorporates a first delay introduced by 
the command buffer and a second delay introduced by the o^a buffer. 

^(Nv (Amended) A method of storing data, in an electronic system, having a memory 
controllel^^d a plurality of memory subsystems, wherein each memory subsystem includes a 
command bun^ a data buffer and a plurality of memory devices, wherein each memory device 
includes a data in amka data out buffer, a column decoder and a row decoder, comprising: 

issuing informatioiHo the memory controller, wherein the memory controller receives the 
information and wherein the mehimy controller issues commands and addresses on a 
unidirectional command and address ' 

issuing data on a bidirectional data 6l 
latching the commands and addresses read^m the unidirectional command and address 
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in the command buffers of the plurality of memory subsystems; 

Jatching the data received from the bidirectional data bus in the data buffers of the 
plurality olFinemory subsystems; 

driving the latched commands and addresses to the plurality of memory devices; 

driving the latbl^ed data to the plurality of memory devices; and 

storing the data in addressable storage of the plurality of memory devices. 

41 . (Amended) The method of claim 40, wherein iss&ing commands and addresses and 
issuing data include executing a packet protocol which incorporates a first delay introduced by 
the command buffer and a second delay introduced by the dat;a buffer. 

(Amended) In an electronic system having a memory controller and a plurality of 
merhory subsystems, wherein each memory subsystem includes a command buffer, a data buffer 
and a ph^ality of memory devices, wherein each memory device includes a data in and a data out 
buffer, a coiumn decoder and a row decoder, a method of retrieving data comprising: 
issuingSnformation to the memory controller; 

issuing conmiands and addresses on a unidirectional command and address bus; 

latching the commands and addresses read from the unidirectional command and address 
bus in the command bufft^ of the plurality of memory subsystems; 

driving the latched commands and addresses to the plurality of memory devices of the 
plurality of memory subsystems^ 

retrieving data from address^le storage of the plurality of memory devices of the 
plurality of memory subsystems; 

latching the data in the data buffers'^ the plurality of memory devices of the plurality of 
memory subsystems; and 

receiving the data on a bidirectional data h\ 
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43. (Amended) The method ofolaim 42, wherein issuing commands and addresses and 
receiving data include executing a packet^irotocol which incorporates a first delay introduced by 
the command buffer and a second delay introducfedby the data buffer. 

(Amended) A memory system comprising: 

a unidirectional conunand and address bus coupleable\to a memory control device; 

bidirectional data bus coupleable to the memory control device; and 
a pi^ality N of pipelined memory subsystems, wherein each memory subsystem 
includes: 

a plm-ality M of memory devices wherein each memory device contains a data in 
and a data out buffer\colunm decoder and a row decoder; 

a conimandJbuffer connected between the command and address bus and the 
plurality of memory oevices, the command buffer receiving and latching commands and 
addresses fi"om the comm^d and address bus and driving the commands and addresses to 
* the plurality of memory devK^es, wherein the command buffer is shared by the plurality 
of memory devices; and 

a data buffer connected bet^en the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching data information firom the 
bidirectional data bus and driving the data information to the plurality of memory devices 
for a write operation, the data buffer receivingtoid latching the data information from the 
plurality of memory devices and driving the data mformation to the bidirectional data bus 
for a read operation. 

45. (Amended) The memory system of claim 4\wherein the commands and addresses and 
the data information communicate using a pipelined paisket-protocol which incorporates a first 
delay introduced by the command buffer register of one of^ plurality of pipelined memory 
subsystems and a second delay introduced by the data buffer of oqe of the plurality of pipelined 



PENDING CLAIMS 
Docket No. 303.306US2 
Micron Ref.No. 96-0214.01 



Pages 

Serial No.: 09/434,082 



46. The memory system of claim 44, whereinyeach memory device is a dynamic random 
access memory device. 

47. The memory system of claim 44, wherein both M and N equal eight. 







(Amended) A method of storing data in a pipeline memory system, having a plurality of 
memWY subsystems, wherein each memory subsystem includesXcommand buffer, a data buffer 
and a plu^ity of memory devices, wherein each memory device includes addressable storage, a 
data in and aHata out buffer, a column decoder and a row decoder, comprising: 

receiving omrmiands and addresses from a unidirectional command and address bus; 
receiving data^m a bidirectional data bus; 

latching the comrn^ds and addresses in the plurality of command buffers; 
latching the data in the^phu-ality of data buffers; 

driving the latched conlm^^s and addresses to the column and row decoders; 
driving the latched data to the o^a in buffers; and 

storing the data in the addressable sbsirage of the plurality of memory devices. 



49. (Amended) The method of claim "48, wherein receiving commands and addresses and 
receiving data include executing a packet protocol which incorporates a first delay introduced by 
the command buffer and a second delay introdubed by the data buffer. 



50>v (Amended) A method of retrieving data in a pipeline memory system, having a plurality 
of menioiysubsystems, wherein each memory subsystem includes a command buffer, a data 
buffer and a pmrajity of memory devices, wherein each memory device includes addressable 
storage, a data in andV4ata out buffer, a column decoder and a row decoder, comprising: 

receiving commands^M^d addresses from a unidirectional command and address bus; 
latching the commands ano'acMresses in the plurality of command buffers; 
driving the latched commands an^^a^ciresses to the column and row decoders; 
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i> retrieving data from the addressable storage of the plurality of memory devices; 
latchmgs^e data in the plurality of data buffers; and 
driving the oit^nto a data bus. 

5 1 . (Amended) The method of claim 50, wherein receiving commands and addresses and 
driving the data include executing a packet protocol which incorporates a first delay introduced 
by the conunand buffer and a second delay introduced by the data buffer. 

5\ (Amended) A memory system, comprising: 

\ a unidirectional command and address bus in electrical communication with a memory 
control obvice; 

a biotectional data bus in electrical communication with the memory control device; and 
a pluraluvN of pipelined memory subsystems, wherein each memory subsystem 
includes: \ 

a pluraliW M of memory devices wherein each memory device contains a data in 
and a data out buffer, a commn decoder and a row decoder; 

a command buffer connected between the command and address bus and the 
plurality of memory devic^ the command buffer receiving and latching commands and 
addresses from the command and address bus and driving the commands and addresses to 
the plurality of memory devices, wherein the command buffer is shared by the plurality 
of memory devices; and \ 

a data buffer connected between the plurality of memory devices and the 
bidirectional data bus, the data buffer receivihg and latching data information from the 
bidirectional data bus and driving the data infonhation to the plurality of memory devices 
for a write operation, the data buffer receiving and l^hing the data information from the 
plurality of memory devices and driving the data infonWion to the bidirectional data bus 
for a read operation. \ 
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53. (Amended) The memory system of claim 52, wherein the commands and addresses and 
^ the data information comrnunicate using a pipelined packet-protocol which incorporates a first 
^ ^ delay introduced by the command buffer of one of the plurality of pipelined memory subsystems 
a/ and a second delay introduced by the data buffer of one of the plurality of pipelined memory 
subsystems. 



54. The memory system of claim 52, wherein each memory device is a dynamic memory 
device. 

55. The memory system of claini^2, wherein both N and M equal eight. 

56. (Amended) A method of retrieving data in a pipelined memory system, comprising: 
issuing commands and addresses\n a unidirectional command and address bus to a 

plurality of memory subsystems; 

latching the commands and addresses\n a command buffer in each of the plurality of 
memory subsystems; 

driving the latched commands and addresses to column and row decoders in each of the 
plurality of subsystems; 

retrieving data from addressable storage of one'^f the plurality of memory subsystems; 
latching the data in a data buffer of the one of the^lurality of memory subsystems; and 
receiving the data on a bidirectional data bus. 

57. (New) A memory system comprising: 
a memory controller; 

a unidirectional command and address bus coupled to the meikory controller, the memory 
controller communicating commands and addresses to the command ano^address bus; 

a bidirectional data bus coupled to the memory controller, the membry controller 
communicating data information to the bidirectional data bus for a write operation and receiving 
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a plurality N of pipelined memory subsystems, wherein each memory subsystem 
includes: 

a plurality Myof memory devices wherein each memory device consists of a data 
in and a data out buffer, a decoder and an array of memory cells; 

a command buffer connected between the command and address bus and the 
plurality of memory devices, theVonmiand buffer receiving and latching the commands and 
addresses from the conmiand and address bus and driving the commands and addresses to the 
plurality of memory devices, wherei\ the command buffer is shared by the plurality of memory 
devices; and 

a data buffer connected blstween the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching the data information from the 
bidirectional data bus and driving the data information to the plurality of memory devices for a 
write operation, the data buffer receiving and Wching the data information from the plurality of 
memory devices and driving the data informatior^ to the bidirectional data bus for a read 
operation. 



58. (New) The memory system of claim 57, whereft^^ the data buffer is shared by the plurality 
of memory devices. 

59. (New) The memory system of claim 5, wherein N equals eight. 



60. (New) The memory system of claim 5, wherein M equals eight. 



61 . (New) The memory system of claim 5, wherein each of the memd 
addressable storage. 



devices includes an 
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62. (New) The system according to claim 5, ^h^ein the bidirectional data bus is a single 16 
bit bus, supports 64 data buffers, and operates at 800 JVfctlz. 




(New) A method of operating the memory system of claim 5, comprising: 
H^uing commands and addresses on the unidirectional command and address bus; 
latcmng the commands and addresses in the command buffers; 
driving th^4^ched commands and addresses to the column and row decoders; 
retrieving data ma^i addressable storage of one of the plurality of memory devices; 
latching the data in tKfe^ata buffers; and 
receiving the data on the bi^ectional data bus. 



64. (New) The electronic systerh of claim 34, wherein the data buffer is shared by the 
plurality of memory devices. 

65. (New) The memory system of c\aim 44, wherein the data buffer is shared by the plurality 
of memory devices. 

66. (New) The memory system of claim 5^, wherein the data buffer is shared by the plurality 
of memory devices. 



(New) A memory system comprising: 
^emory controller; 

a uniChrectional command and address bus couplfed to the memory controller, the memory 
controller commimi<;ating commands and addresses to the command and address bus; 

a bidirectional d^to^bus coupled to the memory control^, the memory controller 
communicating data informatiiw^^tothe bidirectional data bus for\awrite operation and receiving 
the data information from the bidirectional data bus during a read operation; and 

a plurality N of pipelined memorySi^systems, wherein each memory subsystem 
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includes: 

plurality M of memory devices wherein each memory device contains a data in 
and a dat^ut buffer, a column decoder and a row decoder; 

a conmiand buffer connected between the command and address bus and the 
plurality of memory devices, the command buffer receiving and latching the commands and 
addresses from theN:ommand and address bus and driving the commands and addresses to the 
plurality of memory oi^ices; and 

a data burfer connected between the plurality of memory devices and the 
bidirectional data bus, the data buffer receiving and latching the data information from the 
bidirectional data bus and driving the data information to the plurality of memory devices for a 
write operation, the data buffer receiving and latching the data information from the plurality of 
memory devices and driving the dataSjiformation to the bidirectional data bus for a read 
operation, wherein the data buffer is shated by the plurality of memory devices. 



68. (New) The memory system according to claim 67, wherein the memory controller 
communicates the conmiands^and addresses and the data information using a pipelined packet- 
protocol which incorporates a msX delay introduced by the command buffer of one of the 
plurality of pipelined memory suD^stems and a second delay introduced by the data buffer of 
one of the plurality of pipelined memory subsystems. 

69. (New) The memory system accordnjg to claim 67, wherein each memory device is a 
dynamic random access memory device. 

70. (New) The memory system according to clahn 67, wherein each of the plurality N of 
pipelined memory subsystems includes eight memory devices and wherein N equals eight. 

71. (New) The system according to claim 67, wherein th\bidirectional data bus is a single 16 
bit bus, supports 64 data buffers, and operates at 800 MHz. 



